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(54)TiUc: FUEL INJECTOR 



(57) Abstract 



A fuel injector comprising a valve needle (10) engagable with a seating to 
control fuel flow through an outlet, the valve needle (10) slidable in a firat bore and 
including at least one thrust surface oriented such that the application of fuel under 
pressure thereto applies a force to the valve needle (10) urging the valve needle (10) 
away from the seating; a valve member (48) for controlling fuel pressure within a 
control chamber (38) for controlling the position of the valve needle (10) relative 
to the seating; and a piston memt)er (36) slidable within a second bore (28), and 
defining, with the second bore (28). the control chamber (38); wherein the piston 
member (36) is exposed at one end portion thereof to ftiel pressure within the 
control chamber (38). is cooperable with the valve needle (10) to transmit the foree 
applied by the fuel pressure to the valve needle (10), and has an effective area 
exposable to fuel pressure so as to urge the valve ne^le (10) towards the seating 
greater than the effective area of the thrust surface or surfaces, respective opposite 
end portions of the piston member (36) and the valve needle (10) defining, with the 
fiist and/or second bore an intermediate chamber (44), the injector being arranged 
so as to pemiit the pressure in the intemnediate chamber to be varied during an 
injection cycle. 
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FUEL INJECTOR 

This invention relates to a fuel injector for use in deli^ 
pressure to a cylinder of an associated compression ignition interaal 
combustion engine. In particular, the invention relates to a fiiel injector of the 
type suitable for use in a foel siqiply system of the common rail type, the 
ii^ ector being actuable to permit fiiel to be delivered to the cylinder of the 
associated engme from the common rail, the common rail being charged with 
fiiel under pressure by an appnipriatehigih pressure fuel punq). Apluralityof 
similar injectors is arranged to receive fuel fitim the common rail. 

It is known to control the operation of such a fuel injector by using a valve to 
control the fuel pressure within a control chamber, the fuel pressure within the 
control chamber acting upon a surface associated with the needle of the injector 
to qiply a force to the needle urging the needle towards its seating. In order to 
ensure that injection terminates quickly upon closing the valve, it is known to 
use a flow restrictor to limit the fuel pressure acting on the needle and urging 
the needle away fix>m its seating. 

According to the invention there is provided a fiiel injector comprising a valve 
needle slidable in a first bore and engagable with a seating to control fiiel flow 
through an outlet, the valve needle including at least one thrust surfiu:e oriented 
such that the application of fiiel under pressure thereto applies a force to the 
valve needle urging the valve needle away firom the seating; a valve member 
for controlling fiiel pressure within a control chamber for controlling the 
position of the valve needle relative to the seating; and a piston member 
slidable within a second bore, and defining, with the second bore, the control 
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chamber; wherein the piston member is exposed at one end portion thereof to 
fuel pressure within the control chamber, is cooperable with the valve needle to 
transmit the force applied by the fiiel pressure to the valve needle, and has an 
effective area exposable to fiiel pressure so as to urge the valve needle towards 
the seating greater than the effective area of the thrust sur&ce or sur&ces, 
respective opposite end pcnlions of the piston mernb^ and the valve needle 
defining, with the first and/or second bore, an intermediate chamber, the 
arrangement being such that the pressure in the intermediat6.chamber is varied 
during an injection cycle. 

This arrangement is advantageous in that it facilitates a reduction in the 
pressure differential between the control chamber and the or each thrust surface 
on the one hand and the intermediate chamber on the other hand, and tends to 
minimise leakage to low pressure. 

In particular, this fiicilitates a more energy efficient fuel injector than one in 
which the intermediate chamber is permanently connected to a low-pressure 
region. 

The arrangement is also advantageous in that the use of flow restrictors 
restricting the rate of fiiel flow towards the seatmg can be avoided, the 
differoice in area producing the biasing force necessary to cause rapid 
termination of mjection. By avoiding the use of flow restrictors, the loss of 
pressure during injection is reduced. 

The intmnediate chamber may conveniently be a closed chamber. In this case, 
there is negligible leakage to low pressure, and pumping losses are 
consequently minimised. Some heat energy loss may occur due to flow within 
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the injector. For example, with the valve needle open flow may occur from 
high-pressure regions, for example from the control chamber by way of a 
controlled clearance between the piston member and the bore, into the 
intermediate chamber. This internal flow tends to cause a gradual increase in 
pressure in the intermediate chamber and a consequential gradual reduction in 
the internal flow. The volume of internal flow which needs to be recovered 
into the control diamber at the end of an injection event is therefore self- 
limiting. 

As the volume of the intermediate duunber is reduced during movement of tiie 
piston member and the valve needle towards the seating, increasmg the 
pressure in the intermediate chamber still further, subsequent danq)ing of the 
piston movement may occur, which may result in loss of contact between the 
piston and valve needle. It has been found that this can be tolerated in certain 
injection regimes, particularly since the momentum of the valve needle 
together with the ov^-pressure in the intermediate chamber acting on the valve 
needle drives flie needle mto its closed position in engagement with the seating. 
Subsequently, leakage of fluid back out of the intermediate chamber, for 
example to the control chamber, should allow the piston member to return to its 
orig^ position in engagement with the valve needle. However, the start of the 
next injection cycle may occur before die piston has time to return fiilly. 

Accordingly, the fiiel injector may further comprise resilient biasing means 
biasing the piston member towards the valve needle. This assists the return of 
the piston member into engagement with the valve needle in the required time. 
The biasing means further assists in sealingly retaining the valve needle against 
its seat for preventing the siphoning of fuel into a cylinder of an engine when 
the engine is not running. 
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Furthennore the injector may comprise vent means for venting the intermediate 
diamber to low pressure* for example into the control chamber. This fiicilitates 
the release of over-pressure from the intermediate diamber as required, for 
keeping the piston member in engagement with the valve needle. 

The vent means may be arranged to permit fluid communication between the 
intermediate chamber and the control chamber during or following movement 
of the valve needle and the piston member towards the seating and to 
substantially prevent fluid communication between the control chamber and the 
intermediate chamber during movement of the valve needle with the piston 
member away fit>m the seating. 

The vent means may include valve means arranged to allow fluid 
communication between the intermediate chamber and the control chamber 
when a predetermined over-pressure is reached in flie intmnediate dumiber. 

The vent means may comprise a vent passage throu^ the piston member. The 
valve means may comprise a valve member disposed in the control chamb^ 
and resiliently biased towards the piston member for closing said vent passage. 
The valve member may be resiliently biased towards the piston member by said 
resilient biasing means. 

Alternatively, the vent means may comprise a vent passage in a piston housing. 
The injector may further comprise valve means disposed in the control 
chamber. 
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In a further alternative embodiment, the vent means may comprise a vent 
passage through the piston member arranged to allow fluid communication 
between the intermediate chamber and the control chamber when the piston 
member and the valve needle separate. 

Tlie vent passage may open into an ead &ce of the pistonmemberwhidi mates 
with an end fieice of the valve needle in a fluid-tig^t manner when the piston 
member and valve needle are driven towards one another. 

The intermediate chamber may conmiunicate with the control chamber along.a 
restricted flow path so as to cause a pressure differential between the chambers. 
In one such embodiment, the restricted flow path is through the piston member. 

The intermediate chamber may also be in fluid conununication with a spill 
passage for filling fuel to a low pressure source under control of the valve 
member. This may fiu^ilitate achieving a relatively short time period between 
the end of a pilot injection and the start of the following primary injection. In 
another such -alternative embodiment, the restricted flow path is through Hnd 
piston housing. 

The spill passage may be provided with valve means which serve to prevent the 
over-pressurisation of fuel within the intermediate chamber. Additionally, the 
valve means may be arranged to ensure low pressure is tr^ed within the 
mtermediate chamber at the onset of closure of the valve needle. This aids 
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relatively rapid closure of the valve needle. 

The valve means may be arranged within the spill passage. Preferably, 
the restricted flow path does not communicate directly with the spill passage 
such that operation of the valve means is substantially unaffected, in use, by the 
passage of fuel through the restricted flow path. 

In any of the embodimoits of the invention, the valve needle may have a. 
greater efifective area e^qxisable to fiiel pressure withm the intermediate 
chamber than the effective area ofthe thrust surface or sur&ces. This ensures 
that high pressure in the intermediate chamber tends to urge the valve needle 
towards the seating. 

In order that the invention may be well understood, various embodiments 
thereof whidi are given by way of example only, will now be desoibed with 
reference to the accompanying drawings, in which: 

Figure 1 is a sectional view ofpartofan injector in accordance with a first 
embodiment;^ 

Figure 2 is a sectional view of part of an injector in accordance with a second 
embodiment; 

Figure 3 is a sectional view of part of an injector in accordance with a third 
embodiment; 

Figure 4 is a sectional view of part of an injector in accordance with a fourth 
embodimmt; 
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Figure S is a sectional view of part of an injector in accordance with a fifih 
embodiment; 

Figure 6 is a sectional view of part of an injector in accordance with a sixdi 
embodiment; 

Figure 7 is a sectional view of a part of an injector in accordance with a seventh 
embodiment of the invention; 

Figure 8 is a sectional view of a part of an injector in accordance with an eif^ih 
embodiment of the invention; and 

Fi gure 9 is a sectional view of a part of an inj ector in accordance with an ninth 
embodiment of the invention; and 

The injector illustrated in Figure 1 con4)rises a valve needle 10, which is 
slidable within a blind bore 12 fimned in a nozzle body 14. The valve needle 
10 includes, at its lower md, a frusto-conical sur&ce (not shown) which is 
arranged to engage a firusto-conical seating (not shown) formed adjacent the 
blind end of the bore 12, engagement of the valve needle 10 with the seating 
controlling the supply of fuel from the bore 12 to one or more outiet openings 
(not shown) which communicate with the bore 12 downstream of the seating. 

The bore 12 is shaped to define an annular gallery 20 whidi communicates 
with an inlet passage 22 whereby fuel is supplied in the direction of Arrow A 
from a source of fiiel under high pressure, for example a conuncm rail charged 
with fuel to a high pressure by a suitable high pressure fiiel pmap. The needle 
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10 is of stepped form and defines a thrust surface (not shown) which is angled 
such that the application of fuel under hi^ pressure thereto applies a force.to 
the valve needle urging the valve needle 1 0 in an upward direction away fitom 
the seating, in the orientation illustrated. Similarly, the application of fuel 
under hig|i pressure to the fiiisto-conical »d region (not shown) of die needle 
10 applies a force to the needle 10 urging the needle 10 away fimn its seating. 
The needle also has helical recesses 24 esctending coaxially therealong for 
assisting the passage of iiiel to the injector oudet. These recesses also provide 
sur&ces, which may assist urging of the valve needle iq>wards. 

The upper end of the nozzle body 14 abuts a piston housing 26 which is shq)ed 
to define a blind bore 28 which, preferably, extends coaxially with the bore 12 
of the nozzle body 14. Alternatively, the bore 28 could be.axially offset with 
respect to the bore 12 so as to provide sufBcient space for the inlet passage 22. 

A pistim 36 is located in the bore 28 in sliding engagement with the bore 28. 
The piston 36 and upper end of the bore 28 together define a control chamber 
38, which communicates, through a passage 40, provided with a restriction 40fi, 
with the supply passage 22. A closed mtermediate chamber 44 is formed 
between the piston 36 and valve needle 10. The chamb^ is defined by the 
lower sur£eu:e of the piston 36, the upper surface 34 of the valve needle 10 and 
the portions of bores 12 and 28 which lie intermediate these surfaces. A thrust 
pin 42 of relatively short axial length extends from the lower portion of the 
piston 36 into engagmient with the upper surface 34 of the valve needle 10. A 
helical compression spring 43 is situated in the control chamber 38 in abutment 
with the roof of the chamber 38 and an upper surfiu^e of the piston 36, so as to 
resiliently bias the piston 36 with thrust pin 42 towards engagemmt with the 
valve needle 10. 
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The upper surfiu:e of the piston homing 26 abuts the lower suifiice of a valve 
housing 45 which is provided with a throu^ bore 46 within which a control 
valve member 48 is slidable. The control valve member 48 includes an upper 
end region of enlarged diameter which is engagable with a seating SO defined 
around an upper end of the throu^ bore 46. The iqiper end of the valve 
member 48 is connected to an armature 52 which is moveable under the 
influence of a magnetic field generated, in use, by an actuator including 
windings 56. A spring 58 is arranged to bias the valve member 48 into 
engagement with the seating 50. The actuator and spring 58 are located within 
a nozzle holder 60, a cap nut (not shown) being in screw-threaded engagement 
with the nozzle holder 60 and securing the nozzle body 14, the piston housing. 
26 and the valve housing 45 to the nozzle holder 60. 

The control chamber 38 commimicates through passages 64 with an annular 
chamber defined between a region of fiie valve mraiber 48 of reduced diameter 
and the bore 46 within which the valve member 48 is slidable. The part of the 
passage 64 provided m the housing 26 is provided with a restriction 64a to 
restrict the rate of fiiel flow thmthrough, as will be described in further detail 
herein aftor. When the valve member 48 engages its seating 50, the valve 
member 48 is substantially fuel pressure balanced, and the spring 58 is of 
su£Bcient strength to cause the valve member 48 to remain in this position. 
Energization of the actuator results in movement of the valve member 48 away 
fipom the seatuig 50 against the action of the spring 58 resulting in fuel being 
permitted to flow from the control chamber 38 to a chamber 66 within which 
the armature 52 is located, the chamber 66 communicatmg throu^ a passage 
67 witii a low pressure drain or reservoir to ^ch fiiel flows in the direction of 
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Arrow B. De-energization of the actuator allows the valve member 48 to return 
to the position illustrated under the action of the spring 58. 

In use, with the actuator de-energized and with the supply passage 22 supplied 
with fuel under higji pressure from an appropriate source, for example a 
common rail charged with fuel under high pressure by an appropriate pump, it 
will be q>preciated that die thrust sur&ce of the valve needle 10 and the 
exposed part of the fiusto-conical surface of the valve needle 10 are supplied 
with fuel under pressure, and thus a force is applied to the valve needle 10 
urging the needle 10 away from its seating. This force is opposed by the action 
of the spring 43 and by the action of fiiel under pressure within the control 
chamber 38 upon the e^qiosed end sur&ces of the piston 36. The effective area 
of the piston 36 exposed to the fiiel pressure within the control chamber 38 is 
greater than the efifective areas of the thrust surfoce and the closed part of the 
fiusto-conical surfiu:e of the valve needle. It will be appreciated that the net 
force applied to the needle 10 is a downward force, urging the valve needle 10 
to remain in engagement with its seating, this downward force has 
conq>onents provided by the spring 43 and the force exerted on the top of the 
needle 10 by Ihe pressurised fiiel in the intermediate chamber. In tiiis 
coimection, the effective area at the top of the valve needle 10 that is exposed 
to pressure is greater than the effective areas of the thrust surfiice and the 
frusto-conical surface of the valve needle 10, to assist in holding the valve 
closed once pressure has built up in the intermediate chamb^ 44. Therefore, 
injection does not occur in this condition. 

In order to commence injection, the actuator is energized resulting in upward 
movemoit of the valve member 48 against the action of the spring 58. Such 
movement of the valve memb^ 48 permits fuel to escape fit>m the control 
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chamber 38 thus reducing the fuel piessureappUed Itwillbe 
qqnreciated that the presence of the restricted passage 40, 40a restricts the rate 
at which fiiel flows to the control chamber 38 from the supply passage 22, thus 
the movement of the valve member 48 away from the seating SO results in a 
reduction in the fuel pressure widiin the control chamber 38. It will further be 
^recialed that the rate of pressure drop in the control chamber 38» and the 
final low pressure level in the control chamber 38, can be controlled by 
appropriate sizing of the restrictions 40& 64a. 

The reduction in fiiel pressure Bpphed to the top of the piston 36 gives rise fo a 
pressure difference between the cratrol chamber 38 and the e^^osed annular 
area of tiie valve needle 10 at its lowermost tip region (i.e. the frusto-conical 
surfiice which is engageable with the valve needle seating), the pressure 
difference being sufficient to lift the piston 3 6 and the valve needle 1 0 m an 
upwards duection. Thus, a point will be reached beyond which the valve needle 
1 0 is able to move away from its seating, thus permitting fiiel to flow to the 
outlet openings, and througji the openings to the cylinder or combustion space 
of the associated engine within which the injector is mounted. 

The volume of the control chamber 38 is relatively small, and as upward 
movement of the valve needle 10 occurs, a pin 68 forming the upper end of the 
piston member 36 may move into engagement with the blind end of the bore 28 
thus acting to limit upward movement of the piston member 36 and the valve 
needle 10. 

It will be appreciated Aat, during injection, a small quantity of fuel flows from 
the supply passage 22 throu^ the restricted passage 40, 40a to the control 
chamber 38 and from the control chamber 38 through the restricted passage 64, 
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64a, past the control valve seating SO to the low pressure drain. The 
dimensions of the restricted passages 40, 40& 64, 64a aie chosen to ensure' that 
the quantity of fuel under pressure, which is able to escape m this manner, is 
minimised. 

In order to temunate injection, the actuator is de-energized and the valve 
member 48 returns into engagement with the seating SO under the action of tiie 
spring S8. Such movement of the valve member 48 prevents further fuel from 
escaping from the control chamber 38 to the low pressure drain, and the 
continued supply of fuel through the restricted passage 40 to the control 
chamber 38 results in the fiiel pressure within the control chamber 38 
increasing. Clearly, therefore, the fuel pressure applied to the piston member 
36 and hence the force transmitted through the thrust pin 42 to the valve needle 
10 is inoeased, and a point will be reached beyond which the action of the fuel 
pressure widiin the control chamber 38 in combination with the action of the 
spring 43 is sufficient to cause the valve needle 10 to move towards 
engagement with its seating, to terminate the supply of fuel to the outlet 
openings and terminate injection. As the effective area of the piston 36 is 
greater than that of the thrust sur&ces of the needle, such movement of the 
piston 36 and valve needle 10 occurs rq)idly. 

It will be appreciated that as the thrust pin 42 is of relatively short axial length, 
even thoug^i the thrust pin 42 is of small diameter, for example 2mm, flexmg or 
compression of the thrust pin 42 to a significant extmt does not occur. As a 
result, \^en the fuel pressure within the control chamber 3 8 reduces when 
injection is to commence, the initial movement of the piston 36 does not simply 
result in extension of the thrust pin 42 but rather the valve needle 10 
conunences movement immediately. Jerky movement of the mjector needle is 
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therefore reduced or avoided, and injection is more controlled. Although in the 
description hereinbefore the thrust pin 42 is described as being an extension of 
the piston, it will be appreciated tiiat the thrust pin may finm a separate 
component or an extension of the valve needle, if desired. 

It should be noted that, with the valve needle 10 in the closed position, flow of 
high-pressure fiiel around the piston 36 and needle 10 into the intermediate, 
chamber 44 may increase the pressure in the intermediate chamber 44. In sudi 
a case there is still a net force, resulting from the biasing force of the spring 43 
and the fuel pressure within the control chamber 38, holding the valve needle 
10 against the seating. During opening movement of the valve needle 10, the 
volume of the intermediate chamber 44 increases and the pressure therein 
reduces fiirther. This msures the area advantage provided by the effective area, 
of the piston 36 being greater than the effective area of tfie valve needle thrust 
sur&ces, is maintained. 

Any high'pressure fiiel leakage into the intermediate chamber 44 during.lifiing. 
of tiie piston 36 or with the piston 36 in the uppermost position will contribute 
to causing anrover-pressure in the intermediate chamber 44 once the piston 36 
moves downwards to close the valve needle 10 against the seating. However, 
this does not prevent rapid valve closure because the initially relatively low 
pressure in the intermediate chamber 44 on commencement of the downward 
stroke of the piston 36 enables the piston to impart sufiBcient momentum to the 
valve needle 10 to bring the valve needle 10 against the seating. However, the 
downward movement of the piston may be damped as the fiiel, including 
leakage fuel, in the intermediate chamber 44 is compressed. Separation of the 
piston 36 and valve needle 10 may then occur. If the time between injections is 
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sufficirat, the spring 43 will return the piston 36 into engagement with the 
valve needle 10. 

Whilst damping of the downward piston movement and separation of the piston 
36 and valve needle 10 may be tolerated in some injection regimes, various 
modifications of tiie aforedesoibed embodiment will now be described which 
mitigate against such problems by venting the intermediate chamb^ into the 
control chamber. In the following description of these modifications, a detailed 
description of features that are identical to those described with respect to 
Figure 1 is omitted. 

Figure 2 shows a modified injector which is substantially identical to the 
injector of Figure 1 except for a vent passage 72 through the piston member 
36A and a valve member 74 disposed m the control chamber 38A« The valve 
member 74 is resilientiy biased against a seat on the top of piston 36A by a 
spring 43 A, whereby one end of tiie vent passage 72 is closed off. The vent 
passage 72 provides fluid communication between the intermediate chamber 
44A and the control chamber 38A when over-pressure in tiie intermediate 
chamber 44A lifts the valve member 74 from its seat on the upper surface of 
the piston 36A, for example, when tiie piston is driven downwards and reduces 
ttxe volume of tiie mtermediate chamber 44 A into which high pressure fuel has 
leaked. This opening of the vent passage 72 to relieve the pressure in the 
intermediate chamber 44A alleviates the aforementioned problem of piston 
damping. Clearly, the plate-valve valve member shown could be substituted 
for another type of one-way valve, for example a one-way vaWe having a valve 
spring in addition to the piston-biasing spring or including a valve member of 
an alternative form, such as a ball valve. 
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Figure 3 shows another modified injector which is substantially identical to the 
injector of Figure 1 except for a vent passage 82 through the piston housing 
26 A and valve means, shown as a ball valve 84^ 85 closing off an end of the 
vmt passage 82. The vent passage 82 jnovides fluid communication between 
the tntemiediate diamber 44B and the control chamber 3 8B so as to by-pass 
the piston 36B when over-pressure in the intemiediate chamber 44 lifts the ball 
84 of the ball valve against its spring 85. 

Figure 4 shows a still further modified injector which is substantially identical 
to the injector of Figure 1 except for a vent passage 92 through the piston 36C, 
the lower end of the vent passage opening into a lower face of the piston 36C 
which mates with the end fiice 34C of flie valve needle IOC in a fluid-tigjit 
manner so as to close the vent passage 92 when the piston 3 6C and valve 
needle IOC are driven towards one anodic. If over-pressure occurs m the 
mtermediate chamber 44C sudi that the piston 36C and valve needle IOC 
separate fipom one another as the piston 36C and valve needle IOC are being 
driven downwards, the lower end of tiie vent passage 92 opens to the 
intermediate chamber 44C, relieving the pressure in the intermediate chamber 
44C into the control chamber 38C. When the pressure in the intermediate 
chamber has dropped sufficiently, the piston 36C is driven by the spring 43C 
back towards engagement with the valve needle IOC so as to reseal the lower 
end of the vent passage 92. 

Figure 5 shows a still further modified injector that is similar to the injector of 
Figure 1 except that the control chamber 38D communicates with the 
intermediate chamber 44D through a passageway 102 in the piston 36D. Also, 
no lower thrust pm is provided on the piston 36D, and the valve needle 10 is 
provided at its iqiper end with a reduced diameter portion lOD, shown in 
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abutment with the piston's lower end &ce. A flow restrictor in the form of a 
reduced diameter bore portion 103 is provided in the passageway 102. An 
unrestricted spill passa^way 104 is provided in Uie piston housing 26D for 
spilling fiiel from the intermediate chamber 44D to low pressure via chamber 
66 under control of the valve member 48. In the embodiment of Figure S, all 
spill flow must first pass through the passageway in the piston 36D and is thus 
subject to the flow restrictor 103. 

The injector in Figure 5 is shown in the closed condition between injections, 
with the valve member 48 in the closed position. When valve member 48 is 
opmed, the pressure in the intermediate chamber 44D is quickly spilt The 
pressure within the control chamber 38D is reduced. as fuel flows through the 
passage 102 and the restricted passage 103, the valve needle 10 and.the piston 
36D consequenfly move quickly upwards under the force exerted on thrust 
surfiice lOS and on the frusto-conicalsurfiice on the valve needle tip by the 
hi^ pressure fluid from inlet passage 22, overcoming the reduced force due to 
reduced fiiel pressure within the control chamber 38 and the force of the spring 
43D, thereby opemng the injector. It will be appreciated that, as the 
intermediate chamber 44D is essentially evacuated, the force applied to the top 
of the piston 36D and the force applied to the frusto-conical surface of the 
valve needle tip, will serve to hold the valve needle 10 and the piston 36D 
toother. 

When the valve member 48 is closed fluid continues to flow througih the 
passageway 102, maintaining a pressure differential across the flow restrictor 
103. This drives the piston 36D downwardly, thereby driving downwardly the 
valve needle 10, v^ich is in mgagement with the piston 36D, against its 
seating. The pressure differential across the restrictor 103 gradually reduces 
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until the pressures in the control chamber 38D and intermediate chamber 44D 
have equalised. It should be eppmat that the intermediate chamber pressure 
drops below the inlet passage pressure for a short period only, thereby 
niinimising heat losses within the injector. 

Figure 6 shows a still fiirther modified injector that is similar to the injector of 
Figure 1 except that the intermediate chamber 44E communicates through a 
passageway 106 both with a restricted passage 107 into the control chamber 
38E and a spill passage 108 for spilling fluid to a low pressure sink via 
chamber 66 under control of the valve member 48. Also, a coil spring 109 is 
disposed in the intermediate dumber 44E about a reduced diameter thrust pin 
portion 42E of the piston 36E. The spring 109 engages mutually opposite 
annular sur&ces 111,1 10 of the piston 36E and the needle 10 respectively so as 
to bias the needle 1 0 away from the piston 36E and ensure that there is always 
a closing force acting on the needle 10. 

The valve needle 10 may be provided at its upper end with a reduced diameter 
portion lOE, similar to the portion lOD shown in Fig S. 

Figure 6 shows the injector in normal operation with the valve member 48 
closed and the piston 36E in contact with the valve needle 10. Whilst, when 
pressure in the control chamber 38E and the intermediate chamb^ 44E has 
equalised, the spring 109 tends to drive the piston 36E upwards, away finom the 
valve needle 10, m normal operation diere is not enough time for this to occur 
between injections. In the condition shown, when the valve member 48 opens 
and reduces pressure m the intermediate chamber 44E the upward thrust on the 
valve needlelO via thrust sur&ce 105 and the firusto-conical sur&ce on the 
valve needle tip» gradually drives the valve needle 10 with the piston 36E 
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iqiwaids and into the open position, overcoming the force due to reduced fiiel 
pressure in the control chamber 38. 

When the valve member 48 is dosed, the pressure differential between the 
control chamber 38E and the intmnediate chamber 44E across the restriction 
107 results in a downward force on the piston 36E which drives the valve 
needle 10 downwardly to close die injector. If a long enough period elapses 
before the valve member 48 opens again the pressure differential is eroded by 
flow through the restriction 107 to the intermediate chamber 44E» and the 
spring 109 may drive the piston 36E upwardly as already described. 

In this embodimoit, losses are reduced in that the intermediate chamber 
pressure is maintained above the pressure of the low pressure sink for most, or 
at least some, of the injection cycle. 

Referring to Figure 7, there is shown a fiuther alternative embodiment of the 
invention in which the control chamber 38F communicates with the annular 
chamb^ defined between the reduced diameter region of the valve member 48 
and the bore 46 by means of a restricted passage 65. The fuel injector also 
includes a spill passage 81 which provides a return path for fuel from the 
intermediate chamber 44F to the passage 65 and, thus, past the valve seating 50 
whilst the valve member 48 is open. The passage 81 is provided in the piston 
housing 26 for the piston member 36F and valve means, in the form of a one- 
way ball valve 83, are provided towards the upper end of the passage 81. The 
ball valve 83 is engageable widi a seating 86 so as to close communication 
between the passage 81 and the passage 65. If the pressure in the intermediate 
chamber 44F exceeds the pressure within the passage 65, the ball valve 83 in 
the passage 81 is lifted from its seating 86, thereby permitting fiiel to flow from 
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the intermediate chamber 44F into the passage 65. If the pressure in the 
intmnediate chamber 44F does not «ceed that in the passage 6S, die one way 
ball valve 83 rraiains in its seating 86 and prevents any flow of fuel from the 
passage 65, in communication with the control chamber 38F, into the 
intermediate chamber 44F. Operation of the ball valve 83 will be described in 
further detail herein after. 

The passage 65 includes a flow restriction 65a, and as a result when the control 
valve is open the pressure within the passage 65 downstream of the flow 
restriction is, for at least part of the operating cycle of the injector, lower than 
that within the control chamber 38F. The intamediate chamber 44F can thus 
be voited to a pressure lower than that within die control chamber 38F. 

Operation of the injector in Figure 7 is substantially the same as desoibed 
previously such that, in order to commence injection, the valve member 48 is 
moved upwardly to permit fuel to escape from the control chamber 38F, 
thereby reducing the fuel pressure qiplied to the piston 36F. The ball valve 83 
also opois such that the intmnediate chamber 44 is depressurised. The flow 
restriction in the restricted passage 65 causes the pressure downstream of die 
restriction to Ml to a level lower than that within the control chamber 38F. For 
example, whilst the control valve 48 is open, the control chamber pressure may 
M to a level, typically, within the range 50 to 60% of the pressure within the 
common rail or other source of fuel under pressure, the pressure within the 
restricted passage 65, 65g downstream of the flow restriction felling, typically, 
within the range 10 to 20% ofthe rail or other source pressure. Asaresult, the 
intermediate chamber pressure &lls nqpidly, and may fidl to a level lower than 
that within the control chamber 38F, prior to commencement of movement of 
the piston member and needle. During movement ofthe piston 36F and valve 
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needle 10, the volume of the intermediate chamber 44F increases and so the 
fixel pressure thoein &lls fiuther, and acavity may be formed therein. 

The ball valve may be provided witfi a bias spring (not shown) to bias die ball 
valve 83 into its seating 86. However, dus is not essential as the fiiel pressure 
in the passage 65 is usually sufficient to keep the ball valve seated when 
required 

The provision of the ball valve 83 ensures that, if pressure in the intermediate, 
chamber 44F exceeds that widiin the passage 6S, the ball valve 83 will open. 
Following movement of the piston 36F in an upwards direction, the pressure in 
the intermediate chamber 44F will start to deorease and die ball valve 83 will 
return to its seated position agamst its seating 86. The provision of the ball 
valve 83 therefore ensures low pressure remains "trapped** in the intermediate 
chamber 44F. This minimises any damping of the downward movement of tii& 
piston meinber 36F, and the valve needle 10, at the onset of closure of the 
valve needle 10. The ball valve 83 also serves to relieve the pressure within the 
intmnediate chamber 44F should the intermediate chamber 44F become over- 
pressurised. If the ball valve 83 is provided with a bias spring for urging the 
ball valve 83 towards its seating 86, it will be appreciated tiiat tiie ball valve 83 
may be seated more quickly, prior to the commencement of upward movement 
of the piston 36F. 

In order to terminate injection, the actuator is de-energized and the valve 
membor 48 returns into engagement with the seating SO under the action of the 
spring 58, as described previously. 
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It should be noted that, with the valve needle 10 in the closed position, flow of 
high-pressine fuel around the piston 36F and needle 10 into the intennediale 
diamber 44F may inoease the pressure in the intermediate chamber 44F. In 
such a case thore is still a net force, resultmg from the biasing force of the 
spring 43 and the fiiel pressure wiUiin the control chamber 38F, holding. the 
valve needle 10 against the seating. As the valve needle 10 and piston 36F 
move upwards at die commencement of injection, the fuel pressure acting 
thereon assisting the spring 43 in keeping them together, the volume of the: 
intermediate chamber 44F increases, further reducing the pressure therein* Any 
high pressure fiiel leakage into the intermediate chamber 44F during lifting of 
the piston 36F, or with the piston 36F in the i^ipermost position, may 
contribute to causmg an over-pressure m the intermediate chamber 44F once 
the piston 36F moves downwards to close the valve needle 10 against die 
seating. However, if the pressure m the mtennediate chamber 44F exceeds that 
widiin die passage 65, the ball vahre 83 m the passage 81 is caused to lift from 
its seatmg 86, thereby permittmg fiiel to flow fiom the mtmnediate diamber 
44F into the passage 6S and reducing die fuel pressure wifliin the intermediate 
chamber 44F. 

The arrangement of the passage 81 within the piston housing 26, and the 
provision of the ball valve 83 within the passage 81, is convenient to construct 
as the ball valve can be located in the region of contact between the upper 
valve member housing 45 and die piston housing 26. Furthermore, as the 
volume of die control chamber 38F is relatively small, when it is desired to 
cease fiiel mjection, rq>ressurisation of the control chamber 38F can thoefore 
be achieved relatively rapidly. Additionally, on actuation of the valve member 
48, and movement of the valve needle 10 away from its seating, the 
intermediate chamber 44F is depressurised to a low pressure, and is able to 
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aocept a relatively large volume of &el leaking past the piston 36F as the valve 
needle 10 is lifted away from its seating. Thus, the intmnediate chamber 44F 
is less likely to fill witii fiiel to a hig|i pressure during the fuel injecting part of 
the cycle. 

It will be appreciated that the ball valve 83 disposed within the passage 8 1 may 
be substituted for another type of one-way valve, for example a one-way valve 
having a valve spring, both one-way valves of the type which are spring biased 
and those which are not spring biased being suitable for use in the passage. In a 
further altonative embodiment to that shown in Figure 7, the ball valve may be 
arranged lowor down fhe passage 8 1 , closor to the nozzle body 14. 

Figure 8 illustrates an arrangement which, in many respects, is similar to that of 
Figure 7 and only the dififerences ttierebetween are described in detail. The 
arrangement of Figure 8 is distinguished from that of Figure 7 m that the spring 
43 is located within the inteimediate chamber 44F rather than within the 
control chamber 38F. As a result, the volume of the control chamber 38F can 
be reduced thus the pressure changes which are necessary to operate the 
injector can be achieved rapidly, improving the responsiveness of the injector. 
The spring 43 engages a washer 43a which engages a step 28a formed m the 
bore 28. If desired, the thickness of the washer 43a may be selected to adjust 
the spring load applied to the needle. Alternatively, a shim of an appropriate 
thickness may be located between the spring 43 and the washer 4 3a. 

A possible disadvantage of the arrangement in Figures 7 and 8 is that operation 
of the ball valve 83 nmy be affected by any fuel ejected through the restriction 
6Sa upon opening movement of the valve member 48. Figure 9 shows an 
alternative embodiment to that shown in Figures 7 and 8 which avoids this 
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problCTi. In this embodiment, the valve housing 45 is provided with an 
additional drilling defining a passage 90 which provides communication . 
between the control chamber 38 and the low pressure drain when the valve 
member 48 is moved away fix)m its seating SO. The passage 90 includes a 
restriction 90a defined in a part of the passage defined in the piston housing 26. 
The injector m Figure 9 also mcludes a spring 92 which serves to urge the ball 
valve 83 against its seating 86. It will be appreciated, however, the provision of 
the spring 92 is not essential, as described previously. 

The airangement in Figure 9 provides the advantage that, as the ball valve 83 is 
located in a separate passa^ (passage 81) &om the passage between the control 
diamber 38 and the valve seating SO (Le. passage 90), any fiiel ejected fiom the 
restriction 90a upon openmg movement of the valve member 48 will not efifect 
cq>eration of flie ball valve 83. 
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CXAIMS 

1 . A fiiel injector comprising: 

a valve needle (10) slidable.in a first bore (12) and engagable witti a 
seating to control fuel flow through an outlet, the valve needle including at 
least one thrust sur&ce oriented such that the application of fuel under pressure 
thereto applies a force to the valve needle urging the valve needle away from 
the seating; a valve member (48) for controlling fuel pressure within a control 
chamber (38) for controlling the position of the valve needle (10) relative to the 
seating; and a piston member (36) slidable within a second bore (28), and 
defining, with the second bore (28), the control chamber (38) wherein the 
piston member is exposed at one end portion thereof to fiiel pressure within the 
control chamber (38), is coopoable widi the valve needle (10) to transmit tfae^ 
force apphed by the fuel pressure to the valve needle, and has an effective area 
e9q>osable to fiiel pressure so as to urge the valve needle towards the seating 
greater than the effective area of the thrust surfiice or surfinces, respective 
opposite end portions of the piston member (36) and the valve needle (10) 
defining, with the first (12) and/or second bore (28), an intermediate chamber 
(44), the injector being arranged so as to permit the pressure in the intermediate 
chamber to be varied during an injection cycle. 

2. A fuel injector as claimed m Claim 1 , further comprising resilient 
biasing means (43; 43A; 43C; 43D) biasing the piston member (36; 36A; 36C; 
36D) towards the valve needle (10; lOA; IOC). 

3. A fuel injector as claimed in Claim 1 or Claim 2, wherein the 
mtennediate chamber (44) is a closed diamber. 
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4. A fuel injector as claimed in Claim 1 or Claim 2» further comprising 
vent means (72; 82; 92) for venting the intermediate diamber (44A; 44B; 44C) 
into fh&contioi chamber (38A; 38B; 38C). 

5 . A fiiei injector as claimed in Claim 4, wherein the vent means (72, 74; 
82, 84) are arranged to peimit fluid conmmnication between the intennediate. 
chamber (44A; 44B) and the control diamber (38A; 38B) during or following 
movement of the valve needle (lOA; lOB) and the piston member (36A; 36B) 
towards the seating and to substantially prevent fluid communication between 
the control chamber (38A; 38B) and the intermediate chamber (44A; 44B) 
during movement of the valve needle with the piston member away from the 
seating. 

6. A fiiel injector as claimed in Claim 4 or Claun 5, vdierein the vent 
means comprises valve means (74; 84) arranged to allow fluid communication 
between the intennediate chamber (44A; 44B) and the control chamber (38A; 
38B) when a predetermined over-pressure is reached in the intemiediate 
chamber. 

T. A fuel injector as claimed in Claim 6, wherein the vent means comprises 
a vent passage (72) through the piston member (36A). 

8. A fiiel injector as claimed in Claim 7, wherein the valve means 
comprises a valve member (74) disposed in the control diambor (3 8 A). 

9. A fuel injector as claimed in Claim 8, wherein the valve mraiber (74) is 
resiliently biased towards the piston member (36A) by said resilient biasing 
means (43 A). 
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10. A fiiel injector as claimed in Claim 5, wherein the vent means comprises 
a vent passage (82) in a piston housing (26A; 26). 

11. A fuel injector as claimed in Claim 4, wherein the vent means comprises 
a vent passage (92) through the piston member (36C) ananged to allow fluid 
communication between the intermediate chambo* (44C) and the control 
chamber (38C) ^en the piston member (36C) and the valve needle (IOC) 
separate. 

12. A &el injector as claimed m Claim 1 1, wherein the vent passage (92) 
opens into an end face of the piston member (36C) which mates with an end 
face of the valve needle (IOC) in a fluid-tigjit manner when the piston member 
(36C) and valve needle (IOC) are driven towards one another. 

13. A fuel injector as claimed in any one of the preceding claims, and 
further comprising a thrust pin member (42) oigaged between tfie piston 
member (36) and the valve needle (1 0), for transmitting the force applied to the 
piston member (36) by the fiiel pressure to the valve needle ( 10). 

14. A fiiel injector as claimed in Claim 13, wherein the axial length of the 
thrust pin member (42) is sufiSciently short to ensure flexing of the thrust pin 
member (42) is limited following reduction in fiiel pressure within the control 
chamber (38). 

15. A fuel injector as claimed in Claim 14, wherein the thrust pin member 
(42) forms an integral extension of the valve needle (10) or the piston member 
(36). 
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16. A fiiel injector as claimed in any one of the preceding claims, the control 
chamber (38) communicating with a siqiply passage (22) of fiiel by means of a 
passage (40), the passage (40) being arranged to restrict the rate of fiiel flow to 
the control chamber (38) from Hie supply passage (22) to ensure movement of 
the valve member (48) away from the seating results m a reduction in fuel 
pressure within the control chamber (38). 

17. A fiiel injector as claimed in Claim 1 or Claim 2, wherein the 
intermediate chamber (44D; 44E) communicates with the control chamber 
(38D; 38E) along a restricted flow path (102. 103; 106, 107; 65, 65a; 90, 90a, 
65a) so as to cause a pressure differential between the chambers (38D, 44D; 
38D,38E;38F,44F). 

18. A fuel injector as claimed m Claim 1 or Claim 17, wherein the 
mtermediate chamber (44D, 44F) is in fluid communication with a spill 
passageway (104, 81) for spillmg fuel to a low pressure source under the 
control of the valve member (48). 

19. A fuel injector as claimed in Claim 17 or Claim 18, wherein the 
restricted flow path (102, 103) is throu^ tiie piston member (36D). 

20. A fuel injector as claimed in Claim 17 or Claim 1 8, wherein the 
restricted flow path (106, 107; 65, 65a; 90, 90a) is through a piston housing 
(26). 



21. A fuel mjectcnr as claimed many of Claims 18to20,i^ereinthespill 
passage (81) is provided with valve means (83, 86) which serve to prevent the 
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over-pressurisation of fuel within the mtermediate chamber (44). 

22. A fiiei injector as claimed in Claim 21, wherein the valve means (83, 86) 
are arranged to ensure low pressure is trqiped within the intermediate chamber 
(44) at the onset of closure of the valve needle (10). 

23. A fuel injector as claimed in Claim 21 or Claim 22, vtiierem the valve 
means take the form of a ball valve (83). 

24. A fiiel mjector as claimed in Claim 23, wherein the ball valve (83) 
includes a bias spring to bias the ball valve into the closed position when the 
fuel pressure within the intermediate chamber (44F) is reduced sufiBciently, in 
use. 

25. A fiiel injector as claimed in any of Claims 21 to 24 wherein the valve 
means (83, 86) are arranged widiin the spill passageway (81). 

26. A fuel injector as claimed in Claim 25, wherein the restricted flow path 
(90, 90^ does not communicate directly with the spill passage (81) such that 
operation of the valve means (83) is substantially unaffected, in use, by the 
passage of fiiel through the restricted flow path (90, 90^). 

27. A fuel injector as claimed m any of Claims 1 8 to 26, further comprising 
resilient biasing means (43) biasing the piston member (36) towards the valve 
needle (10). 

28. A fiiel injector as claimed m Claim 27, wherein the resilient bias means 
(43) are arranged within the intermediate chamber (44). 
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29. A fuel injector as claimed in Claim 27 wherein the resilient bias means 
(43) are arranged within the control chamber (38). 

30. A fiiel injector as claimed in any one of the preceding claims, wherein 
the valve needle (10) has a greater effective area exposable to fuel pressure 
witiiin the intermediate chamber (44) than the effective area of the durust 
surfiu:e or surfaces. 
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